To study the effects of hub/tip ratio on the hydraulic performance of axial-flow impeller, 4 impellers with different hub/tip ratio were optimally designed, the specific speed of these impellers are 743. The optimization design of axial-flow impeller used multidisciplinary optimization software iSIGHT, and Sequential Quadratic Programming (SQP), a gradient optimization algorithm, and meanwhile ensure a constant design flow and head, and change cascades dense degree of each airfoil section and size of airfoil placed corner to achieve optimal efficiency. Numerical simulation Software CFX was used for multidisciplinary analysis, N-S equation based on Reynolds-averaged and the standard k-ε model were used in the optimization process to predict head, efficiency and cavitation margin value required of impeller. Performance curves of impellers with different hub/tip ratio were calculated by numerical simulation, and then the effects of hub/tip ratio to the hydraulic performance of axial-flow impellers with the same specific speed were analyzed. The results show that, the lager the hub/tip ratio, the higher the efficiency of impellers, and the worse the cavitation performance, but the effects on cavitation performance are more significant, the biggest difference of NPSH is 0.9m, in contrast, hub/tip ratio has less effects on efficiency, the highest difference between efficiency is only around 0.3%.
Introduction
The choice of hub/tip ratio is an important step in the design process of axial flow impeller. Hub/tip ratio is a very significant geometric design parameters, which is not only influenced by structural strength but also has an important effect on the internal flow field of impeller. Yang Jingjiang analyzes the effects of different hub/tip ratio on hydraulic performance of axial flow impeller theoretically (1) , and a conclusion is made that reducing the hub/tip ratio could reduce the loss of hydraulic friction, increase the flow area and improve the resistance to cavitation performance; however, reducing the hub/tip ratio excessively would increase the distortion of blade and disorder the liquid in off-design condition which results in a secondary flow in impeller outlet, decreases the efficiency of the impeller and narrows the high efficiency area. Guan Xingfan's statistical results about designed hub/tip ratio of axial-flow impeller and specific speed in Jiangsu university shows that different specific speed correspond to the recommended hub/tip ratio. (2) The range of recommended hub/tip ratio under the different specific speed is given and different hub/tip ratio of the same impeller is studied in Wan Tao's paper (3) . It shows if hub ratio increases, then the lift drops and the efficiency rises. According to Wan Tao's research, hub/tip ratio and the design condition change at the same time, then it's not an accurate condition to discuss the effect on the performance of axial-flow impeller.
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Based on numerical optimization software iSIGHT and CFD numerical simulation software , this paper studies the influence of different hub/tip ratio on hydraulic performance of axial flow impeller under the same specific speed. The aim of optimization design is to achieve the optimal efficiency in the design conditions with the fixed specific speed of the impeller invariant. The influence of different hub/tip ratio on hydraulic performance of axial flow impeller will be researched under this constraint condition.
Parametric Modeling
Turbo-Grid is very convenient in rotating mechanical modeling and meshing and this paper will apply Turbo-Grid modeling to axial-flow impeller. In the process of designing the impeller, the blade should be divided into 10 airfoil sections along the radial direction. Based on the program written by FORTRAN, 10 sections of three-dimensional airfoil coordinates will be generated when basic design parameters of axial flow impeller are input. Then the file of coordinates will be imported into Turbo-Grid and
Turbo-Grid will begin modeling and meshing for the axial flow. There are a lot design parameters of axial flow impeller, such as blade numbers, hub/tip ratio, cascades dense degree, airfoil thickness, blade angle, camber and so on. Blade numbers, hub ratio, cascades dense degree and blade angle have greater influence on the performance of impeller. Ensuring that blade numbers, airfoil and camber keep the same ,this paper will do research on the influence of different hub/tip ratio on the axial flow impeller under the same specific speed through changing cascades dense degree and blade angle.
Cascades Dense Degree
Cascades dense degree is an important parameter for the design of axial-flow impeller (4) , its value not only affects the efficiency and flow capacity of the impeller, but also determines the size of the impeller cavitation performance. 
Angle of Blade
The setting angle of blade airfoil also have a very important impact on performance of axial flow impeller.
The blade airfoil of shroud is usually very thin, and almost straight so that blade attack angle is small and work capability is not strong. On the other hand, the blade airfoil of hub is relatively thicker, it has larger camber and blade attack angle, and the blade distortion will be severe. In the optimized design, angle of hub airfoil should be reduced and the outside angle of blade airfoil should be increased to reduce the blade distortion and improve working conditions of airfoil.As a result, this thus can improve the efficiency and expand the scope of the efficient area as well as cavitation resistance of the blade. Other design parameters are chosen according to literatures.
Numerical Simulation

Design Conditions
The specific speed of model impeller in this paper is n s =743.8, the designed flow is Q=320l/s, the head is H=6.15m, and the speed is n=1407r/min. Employing Under normal circumstances, the coarseness of the grid has a significant impact on the calculation results. Select rational grid coarseness can not only get a good calculation result to predict the performance of the pump, and sometimes also reduce the total number of nodes of the grid, saving computing time. Smaller node spacing will get more dense grid, in theory, can obtain a more accurate flow field, but doing so will result in a significant increase in the total number of grid cells and nodes, calculation amount will increase accordingly, the time required to calculate each step also significantly increased under the same calculation conditions.
In most cases, the more dense the mesh, the calculated value of the head, the power and efficiency will larger, but to a certain extent, these calculated values are stabilized.
The grid-independent verification in this paper is based on the same calculation model (including turbulence model, boundary conditions, discrete methods, etc.), meshing way is also very similar, only because of the different distance of mesh nodes, the total number of mesh is not the same.
In this paper, numerical simulation software were employed by iSIGHT to study the effects of different hub/tip ratio on hydraulic performance of axial-flow impeller, the design conditions of different hub/tip ratio were the same by optimizing. Therefore, it is very important to make sure that each optimization analysis results are reliable and accurate, and the impeller grid independence test is very necessary. Turbo-Grid was used for modeling and meshing for the designed axial-flow impeller, analyzing the effects of different grid number on impeller efficiency, the results are shown in Figure 1 . Fig.1 . Relationship between grid number and efficiency Figure 1 shows that, when the number of single-channel mesh around 100,000, further increase the number of grid had nearly no influence on the impeller efficiency, so, set the grid number at around 100,000 for calculating. 
Basic settings for Calculation
Establishment of the Optimization Model
The purpose of optimization is to search for the optimal values of design parameters within the scope of the design variables, and finally meet the expectations of the objective function under the constraints. In this paper, the optimization problem of axial-flow impeller is defined as, when at the same hub/tip ratio, the constraint head is 6.15m, and cavitation performance meet certain requirements, 
Analysis of Optimization Results
In the process of optimization, restrict the value of NPSHre, the formula shown below: According to the design optimization results, under the same specific speed, the larger the hub/tip ratio, the higher 
Conclusion
Researched the influence on axial-low impeller hydraulic performance of different hub/tip ratio by numerical optimization and numerical simulation technology, the following conclusion can be got:
(1) In the design condition, along with the increase of hub/tip ratio, the efficiency is higher, but cavitation performance is more poor and affected more obvious.
(2) Along with the increase of hub ratio, flow-head curve slope becomes larger, the maximum head is higher, the head range in saddle area is wider.
(3) Along with the reduce of hub ratio, the high efficient area range is more wide and offsets to the large flow area.
(4) In the frequently used condition when running head is lower than the design head, the small hub/tip ratio is more suitable; on the contrary, in the frequently used condition when running head is higher than the design head, the big hub/tip ratio is more suitable. Thus, the actual used condition of pump should be considered while selecting the hub/tip ratio.
